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Sodium tetraborate, the most common of the borate minerals, is a salt believed to 
promote crosslinking among cellulose and hemicellulose fibers. Samples of bleached 
Burgess hardwood pulp ( 45% maple, 25% birch, 15% beech, 15% poplar) obtained from 
Crown Vantage were treated with borax at three different levels: 0.5%, 1.0%, and 2.0%. 
The pulp was pre-soaked with borax at 10% consistency, for one hour, prior to refining in 
a PFI mill. The drying and strength properties of the paper produced from the control 
and treated pulps were tested according to standard T APPI procedures and analyzed 
statistically. The addition of borax resulted in a 10% increase in strength properties. 
However, the incorporation of borax does result in a slight decrease in brightness. 
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INTRODUCTION 
Sodium tetraborate is a salt used in the manufacture of glass, steel enamels, soaps, 
fertilizers, and medicines (1). However, borax is not unknown to the pulp and paper 
industry. It has been utilized in pulping and recovery operations, resulting in increased 
oxygen pulping yields as well as potentially eliminating the lime kiln cycle in kraft 
pulping. 
Borax is believed to promote crosslinking among cellulose and hemicellulose 
fibers, resulting in increased bonding. The effect of borax on the drying and strength 
properties have not been directly investigated. This study was conducted to determine if 
borax is a potential strength additive. 
The incorporation of borax into the papermaking process could allow for a 
decrease in refining time while maintaining the original strength of the sheet. For the 
paper industry, borax could represent a less costly way of producing a stronger sheet of 
paper. 
BACKGROUND 
Elimination of Lime Kiln Cycle 
Borax is not unknown to the pulp and paper industry. In the pulping industry, 
sodium borate was found to liberate carbon dioxide from sodium carbonate during 
heating. The resulting smelts and ashes were strongly alkaline, and their aqueous 
solutions acted satisfactorily as delignifying agents capable of replacing sodium 
hydroxide in alkaline pulping, oxygen-alkali digestion, oxygen bleaching, and kraft 
cooking. Spent liquors can be burned and the residue dissolved to regenerate cooking 
liquor. This eliminates the conventional causticizing of carbonate-containing smelt 
solutions by lime in kraft mills, simplifying the chemical cycle (2). 
Utilization in Oxygen Pulping 
2 
Borax has also been utilized in oxygen pulping. The incorporation of borax 
results in unscreened pulp yields which are 8 to 9% higher than those obtained from kraft 
pulping (3). 
Treatment of Wood Logs in Storage 
Aqueous solutions of borax have been used to treat wood logs that are to be stored 
for a period of time. The treatments prevented loss of wood substances such as 
pentosans, lignin, holocellulose, and alpha-cellulose and also preserved the strength of 
handsheets made from pulps of the treated wood (4). 
3 
Pretreatment of Wood Chips 
There has been some research done on using borax to pretreat wood chips in order 
to improve the kraft pulping qualities of the chips. Borax pretreatment resulted in both 
increased delignification and shortened pulping time without decreasing screened yield. 
Strength characteristics such as breaking length and burst were increased in the pretreated 
pulps (5). 
Chemical Crosslinking 
When paper is exposed to water or humid environments, three main problems are 
prevalent. Theses problems are poor wet-stiffness, poor dimensional stability, and a 
tendency to creep and deform under load. One way to counteract these problems is 
chemical crosslinking (6). 
Typically, crosslinking agents are water soluble, di- or trifunctional agents 
capable of reacting with cellulose under relatively acidic conditions. The crosslinking 
agent can penetrate the cellulosic substrate, freeing its hydroxyl groups. These hydroxyl 
groups are then available for reaction with the agent (7). 
Reaction with formaldehyde is one effective way to introduce chemical crosslinks 
into paper. The acid-catalyzed reaction of cellulose with formaldehyde produces short 
acetal bridges between cellulose surfaces. However, crosslinking with formaldehyde is 
not a commercially accepted process. The primary reason for industry's reluctance to 
accept this m�thod is the growing concern regarding the dangers of formaldehyde use (6). 
Another such compound which can promote crosslinking is glyoxal. Glyoxal is 
finding industrial use due to the fact that it is significantly less toxic than formaldehyde. 










































Figure I: Formation of Cross links Following Addition of Glyoxal (8) 
cellulose, crosslinks are created (8). Borax, too, can act in a similar way. 
Bonding 
4 
The different levels of bonding that occur during sheet formation are illustrated in 
Figure 2. When wet fibers are brought together during sheet formation, bonding is 
promoted by the polar attraction of the water molecules for each other and for the 
hydroxyl groups on the surface of the cellulose fibers. As water is evaporated, the 









Figure 2: Levels of Hydrogen Bonding (9) 









Figure 3: Formation of Covalent Bonds ( 10) 
6 
illustrated in Figure 3. Covalent bonds are formed between the hydroxyl groups on 
opposing fiber surfaces. These covalent bonds serve to replace some of the hydrogen 
bonds that are otherwise formed. Because the covalent bonds are stronger than hydrogen 
bonds, the incorporation of borax is expected to result in the formation of a stronger 
sheet. 
EXPERIMENTAL 
The schematic of the experimental design is illustrated in Figure 4. The 
experiment consists of treating a pulp with varying amounts of borax prior to refining at 
different levels. The handsheets made from these pulps, after drying and conditioning, 
were tested for various physical and optical properties. 
Repulping 
7 
Bleached Burgess hardwood pulp (45% maple, 25% birch, 15% beech, 15% 
poplar) was obtained from Crown Vantage in dry lap form. The dry lap pulp was 
repulped at 4% consistency using the Morden slushmaker. Following repulping, the pulp 
was dewatered in a centrifuge to approximately 35% consistency and stored in a cooler 
maintained at 4°C. 
Borax Addition 
Thirty gram samples of the above pulp were treated at 10% consistency with three 
different levels of borax: 0.5%, 1.0%, and 2.0% based on O.D. pulp. The borax was 
added one hour prior to refining in order to allow for sufficiently large contact time. 
Refining 
A freeness test was performed in order to determine the initial freeness of the pulp 
according to TAPPI T 227 om-85. Using the PFI mill as per TAPPI T 248 cm-85, 
untreated pulp was refined at four different levels: 1000, 2000, 4000, and 5000 
revolutions. The freeness at each refining level was determined and a refining curve was 
100% Bleached Burgess 
Hardwood Pulp 
( 45% Maple, 25% Birch, 
15% Beech, 15% Poplar) 
Figure 4: Experimental Design 
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prepared. This curve is illustrated in Appendix I. A freeness of approximately 300 mL 
CSF was the target for experimentation. Because the effect of borax on the freeness of 
the pulp was unknown, the refining levels chosen were 0, 1000, 2000, and 4000 
revolutions. 
The control and treated pulps were refined at the aforementioned levels. 
9 
Following refining, a freeness test was performed to determine the freeness of each sample 
of pulp. The freeness values of the control and treated pulps are presented in Appendix II. 
Handsheets 
Handsheets with a basis weight of 60 g/m
2 
(2.5 g for 8" x 8" sheet) were 
produced using the Noble and Wood handsheet maker. The sheets were conditioned at 
50. 0 ± 2. 0% relative humidity and 23. 0 ± 1. 0°C for at least 24 hours prior to testing.
Handsheet Testing 
The tensile strength, bursting strength, tear index, brightness, and Gurley porosity 
of each sheet were tested to determine the effect of borax on these properties. The tests 
were performed as per TAPP! Standards T 494 om-88, T 403 om-85, T 414 om-88, T 
452 om-87, and T 460 om-96 respectively. 
Drying Rates 
Handsheets with a basis weight of 60 g/m
2 
(2.5 g for 8" x 8" sheet) were produced 
using the Noble and Wood handsheet maker. Each sheet was pressed three times using 
ten pounds of pressure. Following pressing, the sheets were placed in the oven at 105°C 
to dry. The drying rate apparatus, illustrated in Figure 5, was used to record the weight of 
each sheet every ten seconds until completely dry. Each sheet was placed on the 
10 
Figure 5: Drying Rate Apparatus 
apparatus which was connected to a balance through a hole in the top of the oven. This 
allowed for the recording of sheet weight without opening the oven door and, 
consequently, disrupting the drying process. These data were used to determine the effect 
of borax on the drying rate. 
Borax Retention 
The pulp was diluted to 0.4% consistency in order to make 2 gram pads using the 
Buchner Funnel. The filtrate samples were collected and analyzed for borax content by 
ICP/MS. These data can be used to determine the borax addition level required under 
steady state conditions and to assess the recyclability of filtrates. 
11 
RESULTS AND DISCUSSION 
The results from handsheet testing are presented in Appendix III. 
Tensile Index 
Figure 6 illustrates the effect of borax content on the tensile index. Borax was 
expected to increase the tensile index as a result of increased bonding strength due to the 
formation of covalent bonds. Initially, the addition of borax does not have a significant 
effect on the tensile index. As the refining level increases from 0 to 1000 revolutions, the 
effect of borax is more apparent. The highest tensile index, 47.7 Nm/g, is obtained with a 
borax addition level of 1.0%. The untreated pulp had the lowest tensile index, 
39.6 Nm/g. At 2000 revolutions, the highest tensile index is obtained with a borax 
content of 2.0%. However, increasing the refining level to 4000 revolutions, the highest 
tensile index is again obtained with 1.0% borax. Therefore, at low refining levels, a 
higher borax content is to be utilized to achieve the increased tensile index. A low borax 
content can be utilized to achieve the increased tensile index at high refining levels. 
Burst Index 
The effect of borax content on the burst index is presented in Figure 7. An 
increase in the bonding strength of a sheet will increase the burst index. The borax 
content has an insignificant effect on the burst index initially. At a refining level of 2000 
revolutions, the highest burst index is 3.49 kPa•m
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Figure 7: Effect of Borax Content on Burst Index 
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Figure 8: Effect of Borax Content on Tear Index 
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2.0%. The lowest burst index, 3.00 kPa•m
2
/g, is obtained with the control. The burst





/g, and 4.60 kPa•m
2
/g, respectively. Again, at a higher
refining level, a lower borax content can be utilized to achieve the increased burst index. 
Tear Index 
Figure 8 illustrates the effect of borax on the tear index. Tear was expected to 
increase initially to a maximum and then taper off. A borax content of 0.5% resulted in 
the lowest tear index both initially and after refining at the three refining levels. Borax 
addition levels of 1.0% and 2.0% were found to significantly increase the tear index from 
0 to 1000 revolutions. The highest tear index was achieved with a borax content of 1.0%. 
At 1000 revolutions, a 1.0% borax content resulted in a tear index of 8.84 mN•m
2
/g as
opposed to 6.06 mN•m
2
/g for the control. There is a substantial increase in tear index due
to the incorporation of borax. 
Gurley Porosity 
The effect of borax content on Gurley porosity is presented in Figure 9. Porosity 
is a measure of the speed at which air passes through a sheet. The borax has an 
insignificant effect on the porosity at 0, 1000, and 2000 revolutions. However, a 
significant increase occurs at 4000 revolutions as a result of borax addition. At 4000 
revolutions, the control has a porosity of 25.5 s/100 mL whereas borax additions of 0.5% 
and 2.0% resulted in porosity values of 50.5 s/100 mL and 40.2 s/100 m.L, respectively. 
The addition of borax resulted in a less porous, more compact sheet at high refining 
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Figure 9: Effect of Borax Content on Gurley Porosity 
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Figure 10: Effect of Borax Content on Density 
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Figure 11: Effect of Borax Content on Brightness 
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The effect of borax on the density is presented in Figure 10. The density increases 
due to increased fiber-to-fiber bonding strength. The incorporation of borax resulted in a 
slight increase in density. The increase in density values has a one to one correspondence 
with the increase in porosity values. 
Brightness 
The drawback associated with the incorporation of borax is a decrease in 
brightness caused by the increased bonding that occurs. The effect of borax on brightness 
is illustrated in Figure 11. Initially, the addition of borax results in a slight decrease in 
brightness. A borax content of 0.5% resulted in the lowest initial brightness, 83.4%, as 
compared to 86.8% for the control. This is a brightness drop of 3.5%. As the refining 
level increases, the brightness decreases for both the treated and untreated pulps. The 
decrease in brightness due solely to borax addition is expected to be similar in magnitude 
to the initial decrease. This, however, was not the case. The decrease in brightness 
becomes more and more significant as the refining level increases. At 4000 revolutions, 
the control has a brightness of 74.8% whereas a borax level of 1.0% resulted in a 
brightness of 62.0%. This is a decrease of 12.8%, almost four times that of the initial 
brightness decrease. This is a major concern that must be investigated further. However, 
a borax content of 2.0% did not result in any significant brightness decrease when 
compared to the control. 
20 
Drying Rate 
The data used in determining the drying rate and the change in drying rate due to 
refining for the treated and untreated sheets is presented in Appendices IV and V, 
respectively. The drying rate is analyzed in terms of the moisture content. In order to 
illustrate the effect of borax on the drying rate, the change in moisture content over time 
of the control and borax addition levels of 1.0% and 2.0% at a refining level of 2000 
revolutions is presented in Table 1. Because the addition of borax disrupts the hydrogen 
bonding that occurs, water was expected to be more easily evaporated from the treated 
sheets. Therefore, borax levels of 1.0% and 2.0% were expected to result in higher 
drying rates than those obtained with the control. The time required to decrease the 
moisture content from approximately 71 % to 6% was 490 seconds for both the control 
and 1.0% borax content. A borax content of 2.0% requires only 480 seconds to decrease 
the moisture content from 71 % to 6%. The change in moisture content over time for the 
control and borax addition levels of 1.0% and 2.0% at a refining level of 4000 
revolutions is presented in Table 2. The control and borax content of 1.0% have 
approximately the same drying rate. The drying rate of the 2.0% borax level is slightly 
higher than that of the control. Therefore, there is an optimum borax addition level at 
which a drying rate greater than or equal to that of the control is achieved. 
Borax Retention 
The results of the filtrate analysis are presented in Table 3. An analysis of the 
filtrate provides information used to determine the amount of borax required under steady 
Table 1: Effect of Borax Content on Drying Rate @ 2000 Revolutions 21 
Control 1.0% Borax 2.0 Borax 
Time (sec) Moisture Content (%) Moisture Content(%) Moisture Content(%) 
0 70.7 70.5 70.5 
10 70.4 69.9 69.9 
20 69.8 69.1 69.4 
30 69.2 68.7 68.6 
40 68.4 67.8 67.8 
50 67.8 66.9 67.1 
60 67.1 66.4 66.2 
70 66.2 65.4 65.5 
80 65.5 64.9 65.0 
90 64.4 64.1 64.0 
100 63.9 63.2 63.2 
110 62.8 62.3 62.3 
120 62.2 61.3 61.1 
130 61.0 60.3 60.2 
140 59.7 59.3 58.8 
150 58.6 58.2 58.1 
160 57.5 57.0 56.6 
170 56.4 55.8 55.9 
180 55.6 54.5 54.2 
190 54.3 53.1 52.9 
200 52.5 52.1 51.5 
210 51.5 50.0 50.0 
220 50.0 48.9 48.4 
230 48.9 47.7 46.7 
240 47.3 46.5 45.6 
250 45.5 44.6 43.7 
260 44.2 43.2 41.7 
270 42.2 41.8 40.2 
280 40.0 39.5 38.8 
290 38.5 37.8 37.2 
300 36.0 36.1 35.5 
310 35.1 34.3 32.9 
320 33.3 32.4 31.0 
330 31.4 31.3 29.0 
340 29.4 29.2 26.9 
350 27.3 27.0 25.8 
360 25.0 25.8 23.4 
370 23.8 23.3 21.0 
380 21.3 22.0 21.0 
390 20.0 20.7 18.3 
400 17.2 17.9 16.9 
410 17.2 17.9 15.5 
420 14.3 16.4 14.0 
430 12.7 13.2 14.0 
440 9.4 13.2 10.9 
450 9.4 11.5 10.9 
460 9.4 9.8 9.3 
470 7.7 8.0 9.3 
480 7.7 8.0 5.8 
490 5.9 6.1 
Table 2: Effect of Borax Content on Drying Rate @ 4000 Revolutions 
Control 1.0% Borax 2.0 Borax 
Time (sec) Moisture Content (%) Moisture Content(%) Moisture Content(%) 
0 70.6 70.6 70.6 
10 70.3 69.9 70.0 
20 69.7 69.3 69.2 
30 69.1 68.7 68.6 
40 68.5 68.0 68.0 
50 67.8 67.1 67.1 
60 67.1 66.4 66.7 
70 66.2 65.4 65.7 
80 65.4 64.9 65.0 
90 64.7 63.8 64.2 
100 63.6 63.0 63.4 
110 62.7 62.1 62.5 
120 62.1 60.8 61.3 
130 60.8 60.2 60.7 
140 60.2 58.8 59.7 
150 58.8 58.0 58.6 
160 57.7 56.5 57.9 
170 56.5 55.7 56.4 
180 55.2 53.9 55.6 
190 53.9 53.0 53.8 
200 53.0 51.5 52.9 
210 51.5 50.0 51.0 
220 50.0 48.4 50.0 
230 48.4 46.6 48.9 
240 46.6 45.3 47.3 
250 45.3 43.4 45.5 
260 43.4 42.0 44.2 
270 42.0 39.7 42.9 
280 39.7 39.0 40.0 
290 38.2 36.5 38.5 
300 35.6 34.7 36.8 
310 32.9 32.9 35.1 
320 32.9 31.9 33.3 
330 29.9 28.8 31.4 
340 28.8 27.7 29.4 
350 26.6 25.4 27.3 
360 24.2 21.7 25.0 
370 21.7 20.3 23.8 
380 20.3 19.0 21.3 
390 19.0 17.5 20.0 
400 16.1 16.1 18.6 
410 14.5 13.0 15.8 
420 13.0 11.3 14.3 
430 11.3 9.6 12.7 
440 9.6 7.8 11.1 
450 7.8 7.8 9.4 
460 7.8 7.8 7.7 





Table 3: Results of Filtrate Analysis 
Sample Borax Concentration (ppm) Borax Present in Filtrate{%) 
0.5% Filtrate (4000 Revolutions) 2 20.7 
1.0% Filtrate (4000 Revolutions) 4 20.8 
2.0% Filtrate (4000 Revolutions) 8 20.6 
state conditions. In each of the filtrate samples analyzed, approximately 21 % of the 
borax utilized was present in the filtrate. This suggests that 79% of the borax wru; 
retained in each of the Buchner Funnel pads from which the filtrate was obtained. 
Because the paper samples analyzed for borax content were found to have less than 
10 ppm borax present, a retention of 79% is substantially higher than expected. 
Statistical Analysis 
The individual and overall standard deviations of handsheet testing are presented 
in Appendix Ill. An analysis of Gurley porosity can be used in order to illustrate 
statistical significance. The largest overall deviation, 6.60, occurs at a borax addition 
level of 0.5%. At 4000 revolutions, the control has a porosity of 25.1 s/100 mL whereas 
the 0.5% borax level has a porosity of 50.5 s/100 mL. This is a difference of 25.4 s/100 
mL. Because this difference is greater than twice the largest overall deviation (6.60 x 2 = 
13 .2), the result is statistically significant. The tensile index, burst index, and brightness 





The following conclusions were made regarding the effect of borax on the drying 
and strength properties of paper: 
- There is an optimum borax addition level at which a drying rate greater
than or equal to that of the control is achieved.
- At 4000 revolutions, the incorporation of 1.0% borax resulted in a 5%
increase in the strength properties of the sheet.
- At low refining levels, a higher borax content is to be utilized to achieve
increased strength properties.
- At high refining levels, a low borax content can be utilized to achieve
increased strength properties.
- A borax content of 1.0% resulted in a significant decrease in brightness
while 2.0% borax did not cause any such decrease.
RECOMMENDATIONS 
The suggestions for further research in this area include: 
- Determination of the recyclability of borax treated papers.
- Determination of the applicability of this work to unbleached pulps
which have a higher lignin content than bleached pulps.
- Determination of the effect of the presence of borax on the behavior of
fillers and sizing agents.
- Determination of the effect of borax on brightness.
25 
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CSF Values of Control and Treated Pulps 
30 
Borax Addition Level 
Revolutions: 0% 0.5% 1.0% 2.0% 
0 497 ml 466 ml 475 ml 461 ml 
1000 472 ml 389 ml 433 ml 439 ml 
2000 336 ml 343 ml 322 ml 337 ml 
4000 160 ml 142 ml 181 ml 144 ml 
CSF Values of Control and Treated Pulps 
31 
APPENDIX III 
Handsheet Testing Results 
Control 
No Refining (497 ml, 436 ml) 
Sheet Grammage (g/m"2) Caliper (1/1000") Caliper (mm) Density (g/cm"3) T.I. (mNm"2/g) Tensile (kg) T.I. (Nm/g) Burst (psi) 8.1. (kPam"2/g) Porosity (s/100 ml) Brightness (%) 
1 56.36 34.5 0.177 0.319 6.739 1.976 22.92 3.5 0.428 0.4 86.66 
2 57.27 34.9 0.324 1.962 22.40 87.34 
3 57.27 34.9 0.324 2.035 23.23 3 0.361 0.9 86.70 
4 58.41 34.9 0.330 2.091 23.41 5 0.590 1 86.80 
5 61.82 34.9 0.349 2.448 25.89 4 0.446 1 86.92 
Average: 58.23 34.8 0.329 23.57 0.456 0.825 86.88 
Std. Dev.: 2.13 0.012 1.35 0.096 0.287 0.27 
1000 Revolutions (472 ml, 404 ml) 
Sheet Grammage (g/m"2) Caliper (1/1000") Caliper (mm) Density (g/cm"3) T.I. (mNm"2/g) Tensile (kg) T.I. (Nm/g) Burst (psi) 8.1. (kPam"2/g) Porosity (s/100 ml) Brightness(%) 
1 60.47 28.5 0.144 0.420 6.057 3.621 39.15 12 1.368 1.6 86.26 
2 59.78 28.5 0.415 3.718 40.66 15 1.730 1.7 85.98 
3 59.10 28.4 0.411 3.748 41.46 13 1.517 1.3 86.10 
4 60.47 28 0.420 3.458 37.39 15.5 1.767 2. � 85.64 
5 58.19 28.3 0.404 3.503 39.36 15.5 1.836 1.5 85.16 
Average: 59.60 28.3 0.414 39.60 1.644 1.64 85.83 
Std. Dev. 0.97 0.007 1.56 0.195 0.297 0.44 
2000 Revolutions (336 ml, 351 ml) 
Sheet Grammage (g/m"2) Caliper (1/1000") Caliper (mm) Density (g/cm"3) T.I. (mNm"2/g) Tensile (kg) T.I. (Nm/g) Burst (psi) 8.1. (kPam"2/g) Porosity (s/100 ml) Brightness(%) 
1 58.07 25.2 0.129 0.450 7.587 4.899 55.16 23.25 2.760 4.5 84.26 
2 58.07 25.5 0.450 4.387 49.39 27 3.206 4.4 83.90 
3 60.81 25.4 0.471 4.886 52.53 22.75 2.579 6.2 84.24 
4 58.76 25.4 0.455 5.329 59.30 26 . 3.051 4.8 84.56 
5 60.81 25.5 0.471 5.192 55.82 30 3.401 6.4 84.92 
Average: 59.31 25.4 0.460 54.44 3.000 5.26 84.38 
Std. Dev.: 1.41 0.011 3.71 0.332 0.963 0.38 
4000 Revolutions (160 ml, 173 ml) 
Sheet Grammage (g/m"2) Caliper (1/1000") Caliper (mm) Density (g/cm"3) T.I. (mNm"2/g) Tensile (kg) T.I. (Nrn/g) Burst (psi) 8.1. (kPam"2/g) Porosity (s/100 ml) Brightness(%) 
1 61.72 23.4 0.119 0.517 7.842 6.392 67.70 37.75 4.217 29 74.74 
2 59.46 24 0.498 7.568 83.22 32.5 3.769 19.8 74.72 
3 59.91 23.4 0.502 6.306 68.82 39 4.488 27.3 74.16 
4 59.23 23.5 0.497 6.671 73.64 35.5 4.133 25 74.14 
5 59.91 23.1 0.502 7.076 77.22 38 4.373 24.5 76.30 
Average: 60.05 23.48 0.503 74.12 4.196 25.12 74.81 
Std. Dev.: 0.98 0.008 6.36 0.276 3.482 0.88 





No Refining (466 ml) 
Sheet Grammage (g/m"2) Caliper (1/1000") Caliper (mm) Density (g/cm"3) T.I. (mNm"2/g) Tensile (kg) T.I. (Nm/g) Burst (psi) B.I. (kPam"2/g) Porosity (s/100 ml) Brightness(%) 
1 59.87 34.7 0.177 0.339 4.665 2.250 24.57 6.5 0.749 0.9 83.18 
2 60.33 34.6 0.341 2.099 22.75 5 0.571 0.7 84.09 
3 60.79 34.9 0.344 2.126 22.86 5.75 0.652 1.1 83.11 
4 59.64 34.8 0.337 2.140 23.46 5 0.578 1 83.66 
5 62.17 35 0.352 2.161 22.72 5 0.554 0.9 83.04 
Average: 60.56 34.8 0.343 23.27 0.621 0.92 83.41 
Std. Dev.: 1.00 0.006 0.78 0.072 0.148 0.45 
1000 Revolutions (389 ml) 
Sheet Grammage (g/m"2) Caliper (1/1000") Caliper (mm) Density (g/cm"3) T.I. (mNm"2/g) Tensile (kg) T.I. (Nm/g) Burst (psi) B.I. (kPam"2/g) Porosity (s/100 ml) Brightness(%) 
1 58.96 23.1 0.146 0.404 4.579 3.568 39.56 18.25 2.134 1.7 81.16 
2 60.56 22.9 0.415 3.646 39.36 16.75 1.907 2.3 80.38 
3 60.79 23 0.416 4.040 43.45 16.5 1.871 2.7 79.03 
4 59.65 23.4 0.408 3.758 41.19 16 1.850 2 79.81 
22.6 
Average: 59.99 23 0.411 40.89 1.941 2.175 80.09 
Std. Dev.: 0.84 0.006 1.89 0.131 0.427 0.90 
2000 Revolutions (343 ml) 
Sheet Grammage (g/m"2) Caliper (1/1000") Caliper (mm) Density (g/cm"3) T.I. (mNm"2/g) Tensile (kg) T.I. (Nm/g) Burst (psi) B.I. (kPam"2/g) Porosity (s/100 ml) Brightness(%) 
1 60.90 26.2 0.132 0.462 4.405 4.942 53.06 26.75 3.029 5.2 78.31 
2 59.07 25.8 0.449 5.125 56.73 29 3.385 8.6 75.67 
3 61.13 25.6 0.464 5.557 59.44 30 3.384 9.9 75.35 
4 60.67 25.9 0.461 4.867 52.45 26.5 . 3.012 3.7 78.01 
5 61.13 26.1 0.464 4.432 47.40 28.5 3.215 4.7 77.48 
Average: 60.58 25.92 0.460 53.81 3.205 6.42 76.96 
Std. Dev.: 0.87 0.007 4.57 0.182 2.679 1.37 
4000 Revolutions (142 ml) 
Sheet Grammage (g/m"2) Caliper (1/1000") Caliper (mm) Density (g/cm"3) T.I. (mNm"2/g) Tensile (kg) T.I. (Nm/g) Burst (psi) B.I. (kPam"2/g) Porosity (s/100 ml) Brightness(%) 
1 62.27 23.1 0.118 0.527 5.068 6.760 70.98 41.5 4.595 33.5 72.56 
2 61.12 23.4 0.518 6.478 69.30 41 4.625 54.8 71.16 
3 61.35 23.4 0.520 6.972 74.30 40.75 4.580 42.4 71.65 
4 62.96 23.1 0.533 6.800 70.62 41.75 4.572 54.7 69.90 
5 62.04 23.2 0.525 6.813 71.80 42.5 4.723 67.1 69.10 
Average: 61.94 23.24 0.525 6.765 71.40 4.619 50.5 70.87 
Std. Dev.: 0.74 0.006 0.179 1.86 0.062 12.906 1.38 





I I I I I I 
1.0% Borax 
No Refining (475 ml) 
Sheet Grammage (g/m"2) Caliper (1/1000") Caliper (mm) Density (g/cm"3) T.I. (mNm"2/g) Tensile (kg) T.I. (Nm/g) Burst (psi) B.I. (kPam"2/g) Porosity (s/100 ml) Brightness(%)
1 61.62 34.8 0.177 0.347 6.487 1.938 20.56 5.5 0.615 0.70 85.72 
2 60.46 34.9 0.341 1.989 21.51 3.5 0.399 0.70 86.12 
3 61.16 34.9 0.345 2.134 22.81 4 0.451 0.60 85.36 
4 62.08 35 0.350 2.201 23.18 5 0.555 0.80 85.52 
5 61.16 35.1 0.345 1.992 21.30 4 0.451 1.40 86.16 
Average: 61.30 34.94 0.345 21.87 0.494 0.84 85.78 
Std. Dev.: 0.60 0.003 1.09 0.088 0.32 0.36 
1000 Revolutions (433 ml) 
Sheet Grammage (g/m"2) Caliper (1/1000") Caliper (mm) Density (g/cm"3) T.I. (mNm"2/g) Tensile (kg) T.I. (Nm/g) Burst (psi) B.I. (kPam"2/g) Porosity (s/100 ml) Brightness(%) 
1 57.36 22.7 0.144 0.399 8.841 4.679 53.33 17 2.043 1.80 85.24 
2 57.59 22.2 0.401 3.396 38.55 15 1.796 2.00 84.78 
3 59.63 22.6 0.415 4.129 45.27 15 1.734 1.80 84.90 
4 62.13 23 0.432 5.109 53.77 19 2.109 2.50 84.82 
22.7 
Average: 59.18 22.64 0.412 47.73 1.921 2.03 84.94 
Std. Dev.: 2.21 0.015 7.26 0.183 0.33 0.21 
2000 Revolutions (322 ml) 
Sheet Grammage (g/m"2) Caliper (1/1000") Caliper (mm) Density (g/cm"3) T.I. (mNm"2/g) Tensile (kg) T.I. (Nm/g) Burst (psi) B.I. (kPam"2/g) Porosity (s/100 ml) Brightness(%) 
1 59.91 26 0.134 0.448 8.707 5.632 61.47 24 2.762 2.80 77.46 
2 60.59 27 0.453 5.262 56.78 29 3.300 4.40 76.08 
3 60.59 26.5 0.453 4.709 50.81 27 3.072 3.10 77.10 
4 59.45 25.5 0.445 5.280 58.07 29.75 3.450 4.80 77.64 
5 59.91 26.6 0.448 5.348 58.37 25.75 2.964 3.30 77.96 
Average: 60.09 26.32 0.449 57.10 3.110 3.68 77.25 
Std. Dev.: 0.49 0.004 3.91 0.272 0.87 0.72 
4000 Revolutions (181 ml) 
Sheet Grammage (g/m"2) Caliper (1/1000") Caliper (mm) Density (g/cm"3) T.I. (mNm"2/g) Tensile (kg) T.I. (Nm/g) Burst (psi) B.I. (kPam"2/g) Porosity (s/100 ml) Brightness(%) 
1 58.61 22.9 0.116 0.505 8.804 7.063 78.79 39.75 4.676 30.10 61.80 
2 58.61 22.9 0.505 6.958 77.62 41 4.823 31.30 60.42 
3 58.15 22.6 0.501 6.746 75.85 38 4.506 27.60 63.22 
4 59.29 22.9 0.511 6.985 77.02 37 4.303 27.90 62.94 
5 59.52 22.9 0.513 7.221 79.32 40.5 4.692 32.10 61.48 
Average: 58.84 22.84 0.507 77.72 4.600 29.80 61.97 
Std. Dev.: 0.56 0.005 1.39 0.201 2.00 1.14 




No Refining (461 ml) 
Sheet Grammage (g/m"2) Caliper (1/1000") Caliper (mm) Density (g/cm"3) T.I. (mNm"2/g) Tensile (kg) T.I. (Nm/g) Burst (psi) B.I. (kPam"2/g) Porosity (s/100 ml) Brightness(%) 
1 60.08 26.3 0.167 0.359 4.832 2.046 22.26 4 0.459 0.80 85.21 
2 63.07 26.1 0.377 2.196 22.77 3.5 0.383 1.10 85.22 
3 61.23 26.2 0.366 2 21.36 3 0.338 1.00 85.13 
4 64.67 26.7 0.387 2.298 23.23 4.5 0.480 0.90 84.82 
26.3 
Average: 62.26 26.32 0.373 22.40 0.415 0.95 85.09 
Std. Dev.: 2.02 0.012 0.80 0.066 0.13 0.19 
1000 Revolutions (439 ml) 
Sheet Grammage (g/m"2) Caliper (1/1000") Caliper (mm) Density (g/cm"3) T.I. (mNm"2/g) Tensile (kg) T.I. (Nm/g) Burst (psi) B.I. (kPam"2/g) Porosity (s/100 ml) Brightness(%)
1 61.27 26.9 0.140 0.439 6.414 4.424 47.21 18 2.025 2.60 83.77 
2 59.68 27.8 0.427 4.145 45.41 17.5 2.022 2.30 84.22 
3 60.13 28 0.430 3.893 42.33 16.75 1.921 1.70 84.33 
4 60.82 27.1 0.435 4.22 45.37 17.5 1.984 2.60 84.44 
5 59.91 27.7 0.429 4.217 46.02 17.75 2.043 2.00 84.50 
Average: 60.36 27.5 0.432 45.27 1.999 2.24 84.25 
Std. Dev.: 0.66 0.005 1.80 0.049 0.39 0.29 
2000 Revolutions (337 ml) 
Sheet Grammage (g/m"2) Caliper (1/1000") Caliper (mm) Density (g/cm"3) T.I. (mNm"2/g) Tensile (kg) T.I. (Nm/g) Burst (psi) B.I. (kPam"2/g) Porosity (s/100 ml) Brightness(%) 
1 60.41 25.2 0.128 0.473 7.415 5.997 64.91 32.5 3.709 10.40 81.42 
2 60.86 24.6 0.476 5.345 57.42 34.5 3.908 7.60 81.67 
3 60.64 25 0.474 6.024 64.95 29.75 3.383 8.80 83.16 
4 60.64 25.6 0.474 5.691 61.36 28.5 3.241 7.20 83.54 
5 60.86 25.4 0.476 5.557 59.69 28 3.172 5.20 83.29 
Average: 60.68 ' 25.16 0.475 61.67 3.483 7.84 82.61 
Std. Dev.: 0.19 0.001 3.29 0.315 1.93 0.99 
4000 Revolutions (144 ml) 
Sheet Grammage (g/m"2) Caliper (1/1000") Caliper (mm) Density (g/cm"3) T.I. (mNm"2/g) Tensile (kg) T.I. (Nm/g) Burst (psi) B.I. (kPam"2/g) Porosity (s/100 ml) Brightness(%) 
1 60.19 23.4 0.117 0.513 8.512 6.768 73.52 37 4.238 51.10 72.67 
2 60.19 23.1 0.513 6.489 70.49 36 4.124 36.20 75.68 
3 60.42 23.3 0.515 6.451 69.81 44.5 5.078 46.80 74.79 
4 59.96 22.8 0.511 6.123 66.76 39.5 4.542 36.80 75.38 
5 60.42 22.9 0.515 7.044 76.23 44 5.021 30.20 73.87 
Average: 60.23 23.1 0.513 71.36 4.601 40.22 74.48 
Std. Dev.: 0.19 0.002 3.63 0.438 8.51 1.22 
Overall Std. Dev.: 0.007 2.64 0.273 4.37 0.81 
I 
I 
I L I 
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APPENDIX IV 
Raw Data for Drying Rate Analysis 
Control 
No Refining 1000 Revolutions 
Time (s) Sheet 1 Sheet2 Average Sheet1 Sheet2 Average 
0 9.3 9.1 9.2 8.6 8.6 8.6 
10 9.2 9 9.1 8.6 8.6 8.6 
20 9.1 8.9 9 8.5 8.4 8.45 
30 9 8.8 8.9 8.3 8.3 8.3 
40 8.8 8.6 8.7 8.2 8.2 8.2 
50 8.6 8.4 8.5 8 8 8 
60 8.4 8.2 8.3 7.9 7.8 7.85 
70 8.3 8.1 8.2 7.7 7.6 7.65 
80 8.1 7.9 8 7.6 7.5 7.55 
90 7.9 7.7 7.8 7.4 7.3 7.35 
100 7.7 7.6 7.65 7.2 7.2 7.2 
110 7.6 7.4 7.5 7 7 7 
120 7.4 7.3 7.35 6.8 6.8 6.8 
130 7.2 7.1 7.15 6.7 6.7 6.7 
140 7 7 7 6.6 6.5 6.55 
150 6.9 6.8 6.85 6.4 6.3 6.35 
160 6.7 6.6 6.65 6.2 6.2 6.2 
170 6.5 6.5 6.5 6.1 6 6.05 
180 6.4 6.3 6.35 5.9 5.8 5.85 
190 6.2 6.1 6.15 5.8 5.7 5.75 
200 6.1 6 6.05 5.6 5.5 5.55 
210 5.9 5.8 5.85 5.4 5.4 5.4 
220 5.7 5.6 5.65 5.3 5.2 5.25 
230 5.6 5.5 5.55 5.2 5.1 5.15 
240 5.4 5.3 5.35 5 4.9 4.95 
250 5.2 5.2 5.2 4.9 4.7 4.8 
260 5.1 5 5.05 4.7 4.6 4.65 
270 4.9 4.9 4.9 4.6 4.4 4.5 
280 4.8 4.7 4.75 4.4 4.3 4.35 
290 4.6 4.6 4.6 4.3 4.2 4.25 
300 4.5 4.4 4.45 4.2 4 4.1 
310 4.3 4.3 4.3 4.1 3.9 4 
Control: Raw Data for Drying Rate Analysis 
2000 Revolutions 
Sheet 1 Sheet2 Average 
8.2 8.4 8.3 
8.1 8.3 8.2 
8 8.2 8.1 
7.9 8 7.95 
7.7 7.9 7.8 
7.5 7.7 7.6 
7.3 7.6 7.45 
7.2 7.4 7.3 
7 7.2 7.1 
6.8 7.1 6.95 
6.6 6.9 6.75 
6.5 6.8 6.65 
6.3 6.6 6.45 
6.2 6.5 6.35 
6 6.3 6.15 
5.8 6.1 5.95 
5.7 5.9 5.8 
5.5 5.8 5.65 
5.3 5.7 5.5 
5.2 5.6 5.4 
5.1 5.4 5.25 
4.9 5.2 5.05 
4.8 5.1 4.95 
4.7 4.9 4.8 
4.6 4.8 4.7 
4.4 4.7 4.55 
4.3 4.5 4.4 
4.2 4.4 4.3 
4.1 4.2 4.15 
3.9 4.1 4 
3.8 4 3.9 
3.6 3.9 3.75 
4000 Revolutions 




































































No Refining 1000 Revolutions 
Time (s) Sheet 1 Sheet2 Average Sheet 1 Sheet2 
320 4.2 4.2 4.2 4 3.8 
330 4.1 4.1 4.1 3.8 3.7 
340 4 3.9 3.95 3.7 3.6 
350 3.8 3.8 3.8 3.6 3.5 
360 3.7 3.7 3.7 3.5 3.4 
370 3.6 3.5 3.55 3.4 3.3 
380 3.5 3.4 3.45 3.3 3.3 
390 3.4 3.4 3.4 3.2 3.2 
400 3.3 3.3 3.3 3.1 3.1 
410 3.2 3.2 3.2 3 3 
420 3.1 3.1 3.1 2.9 3 
430 3 3 3 2.9 2.9 
440 3 2.9 2.95 2.8 2.8 
450 2.9 2.9 2.9 2.8 2.8 
460 2.8 2.8 2.8 2.7 2.7 
470 2.7 2.8 2.75 2.7 2.7 
480 2.7 2.7 2.7 2.6 2.7 
490 2.6 2.6 2.6 2.6 2.6 
500 2.7 2.6 2.65 2.6 2.6 
510 2.6 2.6 2.6 2.6 2.6 
520 2.5 2.5 2.5 2.5 2.5 
Control: Raw Data for Drying Rate Analysis 
2000 Revolutions 
Average Sheet1 Sheet2 Average 
3.9 3.6 3.8 3.7 
3.75 3.5 3.7 3.6 
3.65 3.4 3.6 3.5 
3.55 3.3 3.5 3.4 
3.45 3.2 3.4 3.3 
3.35 3.1 3.3 3.2 
3.3 3.1 3.2 3.15 
3.2 3 3.1 3.05 
3.1 2.9 3.1 3 
3 2.8 3 2.9 
2.95 2.8 3 2.9 
2.9 2.7 2.9 2.8 
2.8 2.7 2.8 2.75 
2.8 2.6 2.7 2.65 
2.7 2.6 2.7 2.65 
2.7 2.6 2.7 2.65 
2.65 2.6 2.6 2.6 
2.6 2.6 2.6 2.6 
2.6 2.5 2.6 2.55 
2.6 2.5 2.6 2.55 
2.5 2.5 2.6 2.55 
4000 Revolutions 


















































































































































0.5% Borax: Raw Data for Drying Rate Analysis 
1000 Revolutions 
Sheet 1 Sheet2 Average 
8.8 9 8.9 
8.7 8.9 8.8 
8.6 8.7 8.65 
8.4 8.6 8.5 
8.3 8.4 8.35 
8.1 8.3 8.2 
7.9 8.1 8 
7.7 8 7.85 
7.5 7.8 7.65 
7.3 7.7 7.5 
7.2 7.5 7.35 
7 7.4 7.2 
6.8 7.2 7 
6.7 7.1 6.9 
6.5 6.9 6.7 
6.4 6.8 6.6 
6.2 6.6 6.4 
6 6.4 6.2 
5.9 6.3 6.1 
5.7 6.2 5.95 
5.5 6 5.75 
5.4 5.9 5.65 
5.2 5.7 5.45 
5 5.6 5.3 
4.9 5.4 5.15 
4.8 5.3 5.05 
4.6 5.1 4.85 
4.4 5 4.7 
4.3 4.9 4.6 
4.2 4.7 4.45 
4 4.6 4.3 
3.9 4.4 4.15 
2000 Revolutions 
Sheet 1 Sheet2 Average 
8.7 8.8 8.75 
8.7 8.7 8.7 
8.6 8.5 8.55 
8.4 8.4 8.4 
8.2 8.2 8.2 
8.1 8.1 8.1 
7.9 7.9 7.9 
7.7 7.7 7.7 
7.5 7.6 7.55 
7.4 7.4 7.4 
7.2 7.2 7.2 
7 7.1 7.05 
6.9 6.9 6.9 
6.7 6.7 6.7 
6.6 6.6 6.6 
6.4 6.4 6.4 
6.2 6.3 6.25 
6 6.1 6.05 
5.9 6 5.95 
5.7 5.8 5.75 
5.6 5.7 5.65 
5.4 5.5 5.45 
5.3 5.3 5.3 
5.1 5.2 5.15 
5 5.1 5.05 
4.8 4.9 4.85 
4.6 4.8 4.7 
4.5 4.7 4.6 
4.3 4.5 4.4 
4.2 4.4 4.3 
4.1 4.3 4.2 
3.9 4.1 4 
4000 Revolutions 




































































No Refining 1000 Revolutions 
Time Sheet 1 Sheet2 Average Sheet 1 Sheet2 
320 4.2 4.2 4.2 3.7 4.3 
330 4 4 4 3.6 4.2 
340 3.9 3.9 3.9 3.5 4.1 
350 3.8 3.8 3.8 3.4 3.9 
360 3.7 3.7 3.7 3.3 3.8 
370 3.6 3.6 3.6 3.1 3.7 
380 3.5 3.4 3.45 3.1 3.6 
390 3.3 3.4 3.35 3 3.5 
400 3.3 3.3 3.3 2.9 3.4 
410 3.2 3.1 3.15 2.8 3.3 
420 3.1 3.1 3.1 2.7 3.2 
430 3 3 3 2.7 3.2 
440 3 2.9 2.95 2.6 3.1 
450 2.9 2.8 2.85 2.5 3 
460 2.8 2.8 2.8 2.5 3 
470 2.8 2.7 2.75 2.5 2.9 
480 2.8 2.6 2.7 2.4 2.9 
490 2.7 2.5 2.6 2.4 2.8 
500 2.7 2.5 2.6 2.4 2.8 
510 2.7 2.5 2.6 2.4 2.8 
520 2.6 2.5 2.55 2.4 2.7 
0.5% Borax: Raw Data for Drying Rate Analysis 
2000 Revolutions 
Average Sheet 1 Sheet2 
4 3.8 4 
3.9 3.7 3.9 
3.8 3.6 3.8 
3.65 3.5 3.7 
3.55 3.4 3.6 
3.4 3.3 3.5 
3.35 3.2 3.4 
3.25 3.1 3.3 
3.15 3 3.3 
3.05 3 3.2 
2.95 2.9 3.1 
2.95 2.8 3 
2.85 2.7 3 
2.75 2.7 2.9 
2.75 2.7 2.9 
2.7 2.6 2.8 
2.65 2.6 2.7 
2.6 2.5 2.7 
2.6 2.5 2.7 
2.6 2.5 2.7 










































































































































































1.0% Borax: Raw Data for Drying Rate Analysis 
1000 Revolutions 

































2000 Revolutions 4000 Revolutions 
Average Sheet 1 Sheet2 Average Sheet 1 Sheet2 Average 
8.8 9.3 9.5 9.4 8.4 8.5 8.45 
8.7 9.2 9.4 9.3 8.1 8.2 8.15 
8.6 9.1 9.3 9.2 8.1 8.1 8.1 
8.4 9 9.1 9.05 8 8 8 
8.2 8.9 9 8.95 7.8 7.8 7.8 
8.1 8.7 8.8 8.75 7.7 7.6 7.65 
7.9 8.5 8.7 8.6 7.5 7.5 7.5 
7.75 8.3 8.5 8.4 7.4 7.3 7.35 
7.55 8.2 8.4 8.3 7.2 7.1 7.15 
7.45 8 8.2 8.1 7 7 7 
7.25 7.9 8.1 8 6.8 6.8 6.8 
7.1 7.7 7.9 7.8 6.7 6.7 6.7 
6.9 7.5 7.8 7.65 6.5 6.5 6.5 
6.75 7.3 7.6 7.45 6.4 6.3 6.35 
6.6 7.2 7.5 7.35 6.2 6.2 6.2 
6.45 7 7.3 7.15 6 6 6 
6.3 6.8 7.1 6.95 5.9 5.9 5.9 
6.15 6.7 7 6.85 5.7 5.7 5.7 
6 6.5 6.8 6.65 5.6 5.6 5.6 
5.8 6.4 6.7 6.55 5.4 5.4 5.4 
5.6 6.2 6.6 6.4 5.3 5.3 5.3 
5.55 6.1 6.4 6.25 5.1 5.1 5.1 
5.35 5.9 6.3 6.1 5 5 5 
5.2 5.8 6.1 5.95 4.8 4.9 4.85 
5.05 5.6 6 5.8 4.7 4.7 4.7 
4.9 5.5 5.8 5.65 4.6 4.5 4.55 
4.8 5.3 5.7 5.5 4.4 4.4 4.4 
4.65 5.2 5.5 5.35 4.3 4.3 4.3 
4.45 5 5.4 5.2 4.2 4.1 4.15 
4.35 4.9 5.2 5.05 4.1 4 4.05 
4.25 4.7 5.1 4.9 3.9 3.9 3.9 +:> 
4.05 4.6 5 4.8 3.9 3.8 3.85 
No Refining 1000 Revolutions 
Time Sheet1 Sheet2 Average Sheet1 Sheet2 Average 
320 5.5 5.3 5.4 4.2 3.7 3.95 
330 5.3 5.2 5.25 4 3.6 3.8 
340 5.3 5 5.15 3.9 3.5 3.7 
350 5.1 4.8 4.95 3.8 3.4 3.6 
360 5 4.7 4.85 3.7 3.3 3.5 
370 4.9 4.6 4.75 3.6 3.2 3.4 
380 4.8 4.5 4.65 3.5 3.1 3.3 
390 4.7 4.4 4.55 3.4 3 3.2 
400 4.5 4.3 4.4 3.3 2.9 3.1 
410 4.4 4.2 4.3 3.2 2.8 3 
420 4.4 4.1 4.25 3.1 2.8 2.95 
430 4.2 4 4.1 3.1 2.7 2.9 
440 4.1 3.9 4 2.9 2.6 2.75 
450 4 3.8 3.9 2.9 2.6 2.75 
460 3.9 3.7 3.8 2.8 2.5 2.65 
470 3.8 3.6 3.7 2.8 2.5 2.65 
480 3.8 3.5 3.65 2.7 2.4 2.55 
490 3.7 3.4 3.55 2.7 2.4 2.55 
500 3.6 3.3 3.45 2.6 2.4 2.5 
510 3.5 3.3 3.4 2.6 2.3 2.45 
520 3.4 3.2 3.3 2.6 2.3 2.45 
1.0% Borax: Raw Data for Drying Rate Analysis 
2000 Revolutions 
Sheet1 Sheet2 Average 
4.4 4.8 4.6 
4.3 4.7 4.5 
4.2 4.6 4.4 
4.1 4.5 4.3 
3.9 4.4 4.15 
3.8 4.3 4.05 
3.7 4.2 3.95 
3.6 4 3.8 
3.5 3.9 3.7 
3.4 3.8 3.6 
3.3 3.7 3.5 
3.2 3.6 3.4 
3.1 3.6 3.35 
3 3.5 3.25 
2.9 3.4 3.15 
2.9 3.3 3.1 
2.8 3.2 3 
2.8 3.1 2.95 
2.7 3.1 2.9 
2.6 3 2.8 




















































































































































2.0% Borax: Raw Data for Drying Rate Analysis 
1000 Revolutions 


































Average Sheet1 Sheet2 Average 
9.05 8.9 8.9 8.9 
8.95 8.8 8.8 8.8 
8.85 8.7 8.6 8.65 
8.65 8.5 8.5 8.5 
8.5 8.3 8.3 8.3 
8.35 8.1 8.2 8.15 
8.2 8 8 8 
8 7.8 7.8 7.8 
7.85 7.6 7.6 7.6 
7.7 7.4 7.5 7.45 
7.5 7.2 7.3 7.25 
7.35 7.1 7.1 7.1 
7.25 7 7 7 
7.05 6.8 6.8 6.8 
6.9 6.6 6.7 6.65 
6.7 6.5 6.5 6.5 
6.6 6.3 6.3 6.3 
6.45 6.1 6.2 6.15 
6.25 5.9 6 5.95 
6.1 5.8 5.9 5.85 
5.9 5.6 5.7 5.65 
5.8 5.5 5.6 5.55 
5.6 5.3 5.4 5.35 
5.5 5.1 5.3 5.2 
5.3 5 5.1 5.05 
5.2 4.8 5 4.9 
5 4.7 4.8 4.75 
4.9 4.5 4.7 4.6 
4.7 4.4 4.6 4.5 
4.6 4.3 4.4 4.35 
4.5 4.1 4.3 4.2 
4.35 4 4.2 4.1 
4000 Revolutions 




































































No Refining 1000 Revolutions 
Time Sheet 1 Sheet2 Average Sheet 1 Sheet2 
320 4.1 4.8 4.45 3.9 4.5 
330 3.9 4.6 4.25 3.8 4.4 
340 3.8 4.5 4.15 3.7 4.2 
350 3.7 4.3 4 3.5 4.1 
360 3.5 4.2 3.85 3.4 4 
370 3.5 4 3.75 3.3 3.8 
380 3.3 3.9 3.6 3.2 3.7 
390 3.2 3.7 3.45 3.1 3.6 
400 3.1 3.6 3.35 3 3.5 
410 3 3.5 3.25 2.9 3.4 
420 2.9 3.4 3.15 2.8 3.3 
430 2.8 3.3 3.05 2.7 3.2 
440 2.8 3.1 2.95 2.6 3.1 
450 2.7 3.1 2.9 2.6 3 
460 2.6 3 2.8 2.5 3 
470 2.6 2.9 2.75 2.5 2.9 
480 2.5 2.8 2.65 2.4 2.9 
490 2.4 2.7 2.55 2.4 2.8 
500 2.5 2.6 2.55 2.4 2.7 
510 2.4 2.5 2.45 2.3 2.7 
520 2.4 2.5 2.45 2.3 2.6 
2.0% Borax: Raw Data for Drying Rate Analysis 
2000 Revolutions 
Average Sheet1 Sheet2 Average 
4.2 3.9 4.1 4 
4.1 3.8 4 3.9 
3.95 3.7 3.9 3.8 
3.8 3.5 3.8 3.65 
3.7 3.4 3.7 3.55 
3.55 3.3 3.6 3.45 
3.45 3.2 3.5 3.35 
3.35 3.2 3.4 3.3 
3.25 3.1 3.3 3.2 
3.15 3 3.2 3.1 
3.05 3 3.2 3.1 
2.95 2.9 3.1 3 
2.85 2.9 3 2.95 
2.8 2.8 3 2.9 
2.75 2.8 2.9 2.85 
2.7 2.8 2.9 2.85 
2.65 2.7 2.8 2.75 
2.6 2.7 2.8 2.75 
2.55 2.7 2.7 2.7 
2.5 2.7 2.7 2.7 


















































Effect of Refining on Drying Rate 
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